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THE EFFECT  OF THE CONVERGING FLOW 
FIELD OF A TANDEM-TEST-SECTION ON 
LONGITUDINAL STABILITY M3ASUREMENTS 
By Shojiro Shindo 
and Robert G o  Joppa 
SUMMARY 
Calcula t ions  of t h e  i n t e r n a l  f l o w  i n  tandem-test-section wind 
tunnels  have shown the presence  of  converg ing  f low in  the  la rge  
t es t  sect ion port ion between the t w o  con t r ac t ing  sec t ions .  
Resul ts  of  analyt ical  and experimental  work i n  a test  s e c t i o n  
hav ing  l eng th  to  he igh t  r a t io  o f  3 show t h a t   t h e  magnitude of the  
converging flow and i t s  e f f e c t  on l o n g i t u d i n a l  s t a b i l i t y  of a 
r i g i d  r o t o r  c a n  be c lose ly  p red ic t ed .  Maximum model s i z e s  and 
sa t i s f ac to ry  t e s t ing  r eg ions  can  be i d e n t i f i e d  a n a l y t i c a l l y .  A 
p r e d i c t i o n  i s  made for t w o  model s i z e s  tested i n  a tunnel having 
l e n g t h  t o  h e i g h t  ra t io  of 1. 
INTRODUCTION 
A theory has been developed in Reference 1 t o  c a l c u l a t e  t h e  
in t e rna l  f l ow f ie ld  of a square cross-sect ion wind tunnel  using a 
v o r t e x  r i n g  method.  This  theory, when appl ied  t o  a two contrac- 
t ion,  two-test-sect ion wind tunnel  shows that  t h e  c o n t r a c t i n g  
flow is  not  conf ined  to  the  geometr ica l ly  cont rac t ing  reg ion ,  bu t  
extends both upstream and downstream i n t o  the paral le l  w a l l  test 
sec t ion  r eg ions  fo r  a d is tance  about  equal  t o  the  tunnel  he ight .  
Thus, i n  t h e  l a r g e r  u p s t r e a m  test s e c t i o n  a r eg ion  o f  pa ra l l e l  
f l o w  would no t  be expec ted  unless  the  length  to  he ight  ra t io  i s  
2 or more. I f  the tes t  s e c t i o n  i s  s h o r t e r  t h a n  t h a t ,  or i f  the 
model i s  tested too near  the ends,  it would be i n  a region of  
converging flow. 
I f  a rotor,  f o r  example, i s  p l a c e d  i n  a converging f l o w  f ie ld  
a t  an angle of attack, a , the  t r a i l i n g  edge of t h e  r o t o r  would 
have a higher  local angle  of attack than the  leading edge. Th i s  
would cause the rotor  t o  produce-more nose down p i t ch ing  moment 
than it would produce i n  a uni form para l le l  f l o w  f i e l d  a t  the same 
angle  of attack. Furthermore, the amount of  change i n  p i t c h i n g  
moment due t o  the converging f l o w  f ie ld  i s  propor t iona l  t o  the  
ro to r  ang le  o f  a t t ack  and  so t h e  effect  appears as an  inc rease  in  
t h e  p i t c h  s t a b i l i t y .  The same effect would be f e l t  by any long 
model,  such as a wing  and ta i l .  This  study i s  in t ended  to  demon- 
s t ra te  tha t  t h i s  effect  i s  p red ic t ab le .  
The tunnel  used for t h i s  s tudy i s  a 1/8 scale model of t he  
UWAL* 8 f t .  by 1 2  f t .  wind  tunnel ,  modi f ied  by  the  addi t ion  of  a 
V/STOL test  section between the big end and the high speed tes t  
sec t ion .  The V/STOL s e c t i o n  i s  near ly  square,  has a length  t o  
he igh t  ra t io  of 3, i s  preceded by a bellmouth and contraction of 
2.22,  and followed by a cont rac t ion  of  4 .31 t o  the high speed 
*University of Washington Aeronautical Laboratories 
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sect ion.  Reference 2 d e s c r i b e s  t h e  model t u n n e l  i n  more detail .  
The method of c a l c u l a t i n g  t h e  i n t e r n a l  fl'ow f i e l d  as presented 
i n  Reference 1 w a s  used on t h i s  t u n n e l  t o  c a l c u l a t e  t h e  e x t e n t  a n d  
magnitude of  the converging f low in the test sec t ion  due  to  t h e  
contracting sections both upstream and downstream. The f l o w  
ang le s  thus  ca l cu la t ed  w e r e  t h e n  u s e d  t o  p r e d i c t  the effects on 
th rus t  and  p i t ch ing  moment of a r o t o r  a t  va r ious  long i tud ina l  








Sect ion  l i f t  curve  s lope ,  rad ians  
Rotor coning angle ,  radians 
Constants related t o  converging flow 
a n g l e  d i s t r i b u t i o n  
N u m b e r  of blades per  rotor 
Blade sec t ion  chord ,  f t .  
Constant of i n t e g r a t i o n  
P i t ch ing  moment c o e f f i c i e n t ,  M 
Pnr(m) R 2 3  
Rotor diameter, f t .  
Test s e c t i o n  t o t a l  he igh t ,  f t .  
Te rms  related t o  rotor p i t ch ing  moment 
and t h r u s t  d u e  t o  converging f l o w  
f ie ld  
Rotor  pi tching moment, posi t ive nose up,  

















Tunnel dynamic pressure, psf 
Radial  d i s t a n c e  t o  b l a d e  e l e m e n t ,  f t .  
B lade  r ad ius ,  f t .  
D i s k  area, sq. f t .  
Component o f  r e s u l t a n t  v e l o c i t y  p a r a l l e l  
t o  t h e  c o n t r o l  a x i s  a t  b l ade  element,  
fPS 
Component of  resu l tan t  ve loc i ty  perpen-  
d i c u l a r  t o  t h e  c o n t r o l  axis and t o  
t h e  blade span axis  a t  b l ade  element,  
fPS 
Tunne l  cen te r  l i ne  ve loc i ty ,  fp s  
R a t e  of change of induced velocity per 
ro tor  rad ius  a long  l o n g i t u d i n a l  a x i s  
of  ro tor  a t  r = 0 , fps  
Momentum theory value of rotor-induced 
v e l o c i t y ,  ‘Tm , f p s  
\11.2+h2 
Local  ve loc i ty  a t  blade element ,  fps  
Longi tudina l  d i s tance  from r o t o r  hub 
c e n t e r l i n e  t o  b l a d e  e l e m e n t ,  f t .  
Longitudinal distance measured from t e s t  
s e c t i o n  c e n t e r l i n e  when r e l a t e d   t o  
converging f low angle  dis t r ibut ion,  
f t .  
Longitudinal distance measured from tes t  
s e c t i o n  c e n t e r l i n e  t o  r o t o r  c e n t e r l i n e ,  
ft. 
Vertical distance measured from tes t  
s e c t i o n  c e n t e r l i n e ,  p o s i t i v e  down, f t .  
Angle of attack, p o s i t i v e  when s h a f t  
axis is i n c l i n e d  rearward, rad ians  






J I  
hz 
Blade sect ion pi tch angle;  angle  between 
l i n e  of z e r o   l i f t  of b l ade  sec t ion  
and  p lane  perpendicular  to  ro tor  
s h a f t  axis, r ad ians  





Tip   speed   ra t io ,  V cos a 
rn 
Mass densi ty  of  a i r ,  slugs/cu.  ft. 
Roto r  so l id i ty ,  
ITR 
Flow angle ,  rad ians  
Blade azimuth angle measured from down- 
wind pos i t i on  i n  d i r e c t i o n  o f  r o t a -  
t i on ,   r ad ians  unless  otherwise noted 
Rotor  angular  ve loc i ty ,  rad ians /sec .  
THEORY OF ROTOR THRUST AND PITCHING MOMENT 
I N  A CONVERGING FLOW FIELD 
The theory of Reference 1 w a s  a p p l i e d  t o  t h e  UWAL model t unne l  
t o  show the magnitude and extent of the converging flow field.  
Using the  converg ing  f low angle  d is t r ibu t ion  thus  ca lcu la ted ,  
t h e  effect of such a flow field on t h e  r o t o r  t h r u s t  and pi tching 
moment is analyzed. 
The flow in  the  r eg ion  a round  the  long i tud ina l  cen te r l ine  
of  the  tunnel  can  be d e s c r i b e d  i n  terms of a c e n t e r l i n e  v e l o c i t y  
vec to r  which i s  c o i n c i d e n t  i n  d i r e c t i o n  w i t h  t h e  t u n n e l  c e n t e r l i n e ,  
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and a g rad ien t  o f  t he  f low inc l ina t ion  from t h e  c e n t e r l i n e  t a k e n  
i n  a direct ion normal  t o  the  cen te r l ine .  F igu re  1 shows a r o t o r  
i n  a flow f i e l d  where  the  f low angle  var ies  wi th  he ight  in  the  
tunnel .  The f i g u r e  a l s o  shows a r e p r e s e n t a t i v e  d i s t r i b u t i o n  of 
va lues  of the f low angle  a long a v e r t i c a l  s e c t i o n  measured from 
the  tunne l  cen te r l ine .  Th i s  g rad ien t ,  rate of change  of  flow 
i n c l i n a t i o n ,  
might be occupied by the model. The g rad ien t  va r i e s  a long  the  
dP 
d ('/h) 
, i s  near ly  cons tan t  over  the  reg ion  which  
length  of the  tunnel .  
Va lues  o f  t h i s  g rad ien t  a long  the  l eng th  o f  t he  tunne l  
have been computed for the present example and are shown i n  F i g u r e  
2 along w i t h  a sketch showing the tunnel geometry. The longitud- 
i n a l  d i s t r i b u t i o n  is described by a th i rd  deg ree  equat ion .  
The cons t an t s  An w e r e  chosen t o  g i v e  a f i t  w i t h i n  .04 of 
dH 
d ('/h) 
tunnel  is then 
f o r  -1.6 < X/h < 1.6 . The flow  angle a t  a p o i n t  i n  t h e  
where C must be ze ro   s ince   t he   ang le  @ i s  antisymmetric  about 
t he  long i tud ina l  axis and i s  zero on center l ine  (y /h  = 0 )  . 
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Combining  Equations (1) and ( 2 ) ,  the following  equation i s  
obtained: 
The angle  i dis t r ibu t ion   descr ibed   by   Equat ion   (3)  is then 
conver ted  in to  the rotor coordinate system by using the following 
equat ions.  
X - o x  
h h  
X 
= -  
+I; 
y = r sin a, cos $ 
x = r cos a cos $ 
where  o/h i s  the   l ong i tud ina l   l oca t ion   o f   t he  rotor c e n t e r l i n e  
measured from t h e  c e n t e r  of t he  s t r a i g h t  p o r t i o n  of t h e  test sec- 
t i o n .  Then the  f low angle  a t  any point ,  r , on  the  rotor loca ted  
downstream or upstream of  the tunnel  test  s e c t i o n  c e n t e r l i n e  is: 
X 
r s i n  a cos Jr [ x. x 3 x  2 x  m =  A 3 ( r f K )  +A 2 (L h + E) +A1 (9 + E)+A~ X h 
The v e l o c i t y  components and angles (in their p o s i t i v e  d i r e c -  
t i o n s )  a t  t h e  blade element are shown in  F igure  3 ,  and  the  fo l low-  
ing  equat ions  w e r e  obtained: 
7 
UT = h2r + vhzR s i n  Ji - V s i n  a t a n  @ s i n  4 (5) 
u = XQR - X ' R r  cos 4 + pRR t a n  8 (6) 
P 
The terms with t a n  ;9 have been added t o  t h e  basic v e l o c i t y  com- 
ponent  equations t o  account  for  the  converging f l o w  f i e l d .  It 
is assumed, f o r  s i m p l i c i t y ,  t h a t  t h e  l o n g i t u d i n a l  c e n t e r l i n e  
ve loc i ty  g rad ien t  due  t o  the converging f l o w  is neg l ig ib l e .  
The t h r u s t  of a rotor i s  given by Reference 3. 
An e x p r e s s i o n  f o r  t h e  t h r u s t  of a rotor i n  a converging f l o w  f i e l d  
can be obta ined  by  in tegra t ing  the  Equat ion  ( 7 )  a f t e r  t h e  p r o p e r  
subs t i tu t ion  of  Equat ions  (4) , (5) , and (6) by  no t ing  tha t  t he  
angle  m is small, and  assuming tha t   t he   b l ade   chord ,   p i t ch   ang le ,  
and blade s e c t i o n  l i f t  c u r v e  s l o p e  are cons tan t .  
s i n  a cos a 4 + p  4 
where : 
2 
K 1  = A3 [~(r) 1 x. + 20 (R cEs + A2 [ T(T;)] 1 x. + 7 A1 
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The l a s t  t w o  terms i n  t h e  l a r g e  brackets of Equation (8) are t h e  
thrust  increments  due t o  the converging f l o w  f i e l d .  
The p i t ch ing  moment of the rotor  i s  according t o  Reference 4. 
/R ) - -  2 pac ( BUT +U U ) r  cos $d$dr 2 P T  
0 
Subs t i tu t ing  Equat ions  (4)  , (5)  , and (6)  i n t o  (9) , and  performing 
t h e  integration by assuming t h a t  t h e  blade chord, pi tch angle, and 
blade s e c t i o n  l i f t  curve  s lope  are cons tan t ,  the  fo l lowing  equat ion  
can be obtained: 
where : 
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The p i t ch ing  moment shown by Equation (10) i s  i d e n t i c a l  t o  t h a t  of 
Equation (A14) of Reference 4 except  tha t  Equat ion  (10) conta ins  
a d d i t i o n a l  terms which are due to  the converging f low f ie ld .  
The ro to r  u sed  in  th i s  s tudy  has  h igh ly  twisted b lades  wi th  
var iab le   chord .   In   in tegra t ing   Equat ions  (7 )  and (9) , it w a s  
assumed tha t  the  b lade  chord ,  p i tch  angle ,  and  the  b lade  sec t ion  
l i f t  c u r v e  s l o p e  w e r e  cons t an t  a long  the  ro to r  r ad ius .  The va lues  
of  the  blade c h o r d  a n d  s e c t i o n  l i f t  s l o p e  a t  .75 radius were used 
as r e p r e s e n t a t i v e  of t h e  real rotor. An e f f e c t i v e  b l a d e  p i t c h  
angle  w a s  selected which, when used t o  c a l c u l a t e  t h e  r o t o r  t h r u s t ,  
gave good agreement with experimental values obtained a t  t h e  
cen te r  o f  t he  test sec t ion .  The blade p i t ch  ang le  thus  se l ec t ed  
w a s  used t o  compute t h e  r o t o r  p i t c h i n g  moment a t  a l l  l ong i tud ina l  
l oca t ions .  The r e su l t s  ob ta ined  by these  equat ions  are discussed 
i n   t h e  lat ter p a r t  of t h i s  pape r .  
EXPERIMENTAL STUDY 
An experimental  study t o  f ind the converging f low f ie ld  
e f fec ts  pred ic ted  above  w a s  c a r r i e d  o u t  u s i n g  a r i g i d  rotor i n  
t h e  UWAL 1/8 scale model tunnel  previously descr ibed.  
The ro tor  used  i s  a r i g i d  t h r e e  b l a d e d  aluminum p r o p e l l e r  
with a diameter of 15 inches, which i s  ha l f  t he  he igh t  o f  t he  test 
sec t ion .  The r o t o r  w a s  operated a t  6000 rpm which  r e su l t ed  in  a 
maximum t e s t e d  t i p  s p e e d  r a t i o  o f  . 1 5  . The minimum t i p  speed 
r a t i o  t e s t e d  w a s  .10 t o  avo id  the  adve r se  e f f ec t  o f  nea r  hove r  
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condition which i s  descr ibed i n  Reference 5. The r o t o r  i s  at tached 
t o  a s ix  component s t ra in  gage  ba lance ,  and  the  en t i re  ro tor  and 
balance assembly can be p i t ched  abou t  t he  ro to r  hub center .  The 
r o t o r  w a s  t e s t e d  a t  n ine  loca t ions  d is t r ibu ted  a long  the  longi tud-  
i n a l  centerline of the tunnel .  During these t es t  runs  the  ro to r  
l i f t ,  d rag ,  s ide  fo rce ,  p i t ch ing  moment, r o l l i n g  moment and  yawing 
moment were measured a t  angles  of a t t a c k  from +5' t o  -20' by 5' 
increments. The r e s u l t s  of  these tests show r e l a t i v e  changes i n  
t h e  r o t o r  s t a b i l i t y  a t  the  d i f f e ren t  l o n g i t u d i n a l  s t a t i o n s  t e s t e d  
and are p resen ted  in  the  fo l lowing  sec t ion  of t h i s  p a p e r .  
RESULTS AND DISCUSSION 
The ro to r  t h rus t  changes  wi th  ang le  o f  attack a t  the middle  
of t h e  t es t  s e c t i o n  and a t  the extreme upstream stat ion tested, 
o/h = -1.22 , are shown i n  F i g u r e  4. The r e p e a t a b i l i t y  shown X 
here  proves  tha t  the  converg ing  f low f ie ld  has no s i g n i f i c a n t  
effect on t h e  r o t o r  t h r u s t .  The a n a l y t i c a l  s t u d y  t o  f i n d  t h e  
thrust  change due t o  the converging flow field by Equation (8) 
showed t h a t   t h e  change a t  t h e  most downstream s t a t i o n  tested is  
less than one percent of the r o t o r  t h r u s t .  
The r o t o r  p i t c h i n g  moment w a s  measured a t  n ine  long i tud ina l  
locat ions and w a s  p lo t t ed  aga ins t  t he  ro to r  ang le  o f  attack. A 
t y p i c a l  p i t c h i n g  moment curve measured i s  shown i n  F i g u r e  5. 
From t h e s e  p l o t s  the s lope  o f  t he  p i t ch ing  moment curve,  dM/da , 
a t  each  s t a t ion  w a s  measured a t  the s t r a i g h t  p o r t i o n  o f  t h e  c u r v e  
11 
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between the  angles  of  attack of -15' and 0' . The s lope  thus  
obtained w a s  compared a g a i n s t  t h a t  o b t a i n e d  a t  the middle  of  the 
t es t  sec t ion  us ing  two d i f f e r e n t  methods. One method shows t h e  
s l o p e  d e c r e a s e  i n  ra t io  form and t h e  o t h e r  shows the s lope changes 
as the  d i f f e rence  be tween  the  s lope  a t  the middle  of  the tes t  
sect ion and a t  the  o the r  l oca t ions .  
Figure 6a shows r o t o r  s t a b i l i t y  c h a n g e s  a t  each  loca t ion  in  
a form of a ra t io  of  the  s lope  of t h e  p i t c h i n g  moment curve a t  any 
loca t ion  t o  t h a t  a t  the  long i tud ina l  cen te r l ine .  F igu re  6b shows 
the s lope changes as d i f f e r e n c e s  i n  t h e  r o t o r  s t a b i l i t y  between t h e  
va lue  a t  t h e  c e n t e r  o f  the test  sect ion and a t  o the r  l oca t ions .  
Figures 6a and 6b also show the  ro to r  s t ab i l i t y  changes  due  t o  t h e  
converg ing  f low f ie ld  theore t ica l ly  obta ined  by  the  method descr ibed 
i n  t h i s  p a p e r .  The exce l l en t  ag reemen t  in  these  f igu res  shows t h a t  
t h e  r o t o r  s t a b i l i t y  i n c r e a s e  d u e  t o  the  converg ing  f low f ie ld  can  
be estimated by  the  method descr ibed herein.  
The experimental  and analyt ical  work presented above were 
based on a wind tunnel having a l e n g t h  t o  h e i g h t  r a t i o  o f  a p p r o x i -  
mately 3 which is perhaps larger  than most  exis t ing or proposed 
tunnels .  A sample calculat ion w a s  a l s o  made t o  show t h e  e f f e c t  
d i s c u s s e d  i n  t h i s  r e p o r t  f o r  a wind tunnel  with a l e n g t h  t o  h e i g h t  
ra t io  of approximately 1, which corresponds t o  t h e  s h o r t e s t  s e c t i o n  
tha t  has  been  cons t ruc ted .  This  sample  ca lcu la t ion  w a s  made f o r  two 
d i f f e r e n t  r o t o r s  i n  t h e  t e s t  sec t ion .  The a n a l y t i c a l  resu l t s  f o r  
the f low angles  are shown i n  F i g u r e  7 and  the  s t ab i l i t y  changes  
12 
are p resen ted  in  F igu res  8a  and 8b. Figure 8a shows the s t a b i l i t y  
change i n  a r a t i o  fo rm based  on  the  s t ab i l i t y  o f  t he  ro to r  i n  a 
p a r a l l e l  f l o w  f i e l d .  F i g u r e  8b shows t h e  s t a b i l i t y  c h a n g e s  as 
d i f f e rences  i n  r o t o r  s t a b i l i t y  i n  para l le l  o r  converg ing  f low 
f i e l d s .  H e r e  t h e  r e s u l t s  are p r e s e n t e d   i n   c o e f f i c i e n t  form. The 
r e s u l t s  shown i n  t h e  f i g u r e s  i n d i c a t e  t h a t  a smaller ro to r  has  a 
l a r g e r   r e g i o n   i n  which t h e  model could be t e s t e d   w i t h o u t   s i g n i f i -  
c a n t l y  a f f e c t i n g  t h e  measured s t a b i l i t y .  The large magnitude of 
(e)x/h/%)G for D/h = 0.578 r o t o r  is due t o  t h e  
extremely small va lue  of  dCm/da i n  t h e  p a r a l l e l  f l o w  f i e l d .  
CONCLUDING RlWARKS 
Convergence of t h e  f l o w  i n  t h e  V/STOL test sec t ion  o f  a 
tandem-test-section wind tunnel i s  o n e  o f  t h e  f a c t o r s  t h a t  would 
l i m i t  the  usable  length  of  the  test sec t ion .  The e f f e c t  o f  a 
converging f low f ie ld  on a long model i s  t o  i n c r e a s e  t h e  l o n g i -  
t u d i n a l  s t a b i l i t y .  The magnitude of the change i n  s t a b i l i t y  due 
t o  such a flow f i e l d  c a n  be approximate ly  ca lcu la ted  for  a r i g i d  
ro to r  by  the  method presented  in  th i s  paper ,  us ing  the  converg ing  
f low ang le  d i s t r ibu t ion  computed by t h e  method p r e s e n t e d  i n  
Reference 1. The a b i l i t y  t o  c a l c u l a t e  s u c h  s t a b i l i t y  c h a n g e s  o f  
course  requi res  su i tab le  background theory  for  the  conf igura t ion .  
The state of such theory i s  no t  now adequate  for  many V/STOL 
conf igura t ions .  
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For the case s tud ied  he re  wi th  a l e n g t h  t o  h e i g h t  r a t i o  o f  
3 and rotor diameter t o  h e i g h t  r a t i o  o f  .5,  it w a s  found t h a t  
about  one half  the t es t  sec t ion  l eng th  in  the  midd le  o f  t he  t es t  
sec t ion  had  sa t i s f ac to ry  f low wi th  no  s ign i f i can t  e f f ec t  on  the  
model. 
A sample calculat ion using a t u n n e l  l e n g t h  t o  h e i g h t  r a t i o  
of 1 and  ro to r  d i ame te r  t o  he igh t  r a t io  o f  .578 showed t h a t  a b o u t  
o n e  f i f t h  t h e  tes t  section length immediately upstream of t h e  
test  sec t ion  cen te r l ine  had  sa t i s f ac to ry  f low wi th  l i t t l e  e f f e c t  
on t h e  r o t o r  s t a b i l i t y .  The same tunnel  wi th  a rotor  of  diameter  
t o  h e i g h t  r a t i o  .29  w a s  found to  have  sa t i s f ac to ry  f low fo r  about 
one half  the tes t  sect ion length,  located most ly  immediately 
upstream of the test s e c t i o n  c e n t e r .  
It i s  concluded that ,  for  a given model and cross sec t ion  of  
t h e  test  sec t ion ,  t he  l eng th  o f  t he  test s e c t i o n  r e q u i r e d  t o  
ob ta in  sa t i s f ac to ry  f low wi th  no s i g n i f i c a n t  e f f e c t  on long i tud ina l  
s t a b i l i t y   c a n  be ca l cu la t ed  by  the  method p resen ted  in  th i s  pape r .  
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Tunnel  Floor 
Flow angles  are exagge ra t ed  fo r  c l a r i t y .  
Figure 1 Flow Angle Distr ibut ion In Vertical Di rec t ion  
For Length To Height Ratio 3 Tunnel 




Figure 2 Upflow Distribution  For 
Length To  Height  Ratio 3 Tunnel 
Calculated 
Figure 3 Velocity  Components At Blade Element 
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Model A t  Upstream 
Stat ion,  x,/h = -1.-22 
Figure 4 Effect  O f  Converging  Flow 





1 I 1 1 I 
T e s t  Sect ion,  xo/h = 0 
Model A t  Downstream 
S t a t i o n ,  xo/h = 1.26  
-0- Model A t  Cen te r l ine  Of 
-20.0 
IL 
-15.0 I -10.0 I -5.0 I O 
Rotor Angle Of Attack, deg. 
5.0 
Figure 5 E f f e c t  O f  Converging Flow F i e l d  
On Rotor  Pi tching Moment 
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a) S t a b i l i t y  Change Shown In  A Form Of  Ratio 
Figure 6 Rotor S t a b i l i t y  Change I n  Converging F l o w  
F i e l d  For Length To Height Ratio 3 Tunnel 
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Longitudinal Distance From Test Sec t ion  Center l ine ,  X/h 
b) S t a b i l i t y  Change Shown I n  A Form O f  Difference 
F igure  6 Concluded 
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" " 
Figure  7 Upflow Distr ibut ion For  Length 
TO Height Ratio 1 Tunnel 
Calcu la ted  
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[- Longitudinal Distance From Test Sec t ion  Center l ine ,  X/h - 
a) S tab i l i ty  Change Shown I n  A Form O f  Ratio 
Figure 8 Calculated Rotor S t a b i l i t y  Change I n  Converging 
Flow F i e l d  For Length To Height Rat io  1 Tunnel 
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b) S t a b i l i t y  Change Shown I n  A Form O f  Di f fe rence  
F igure  8 Concluded 
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